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Abstract: To address the demands for real-time and high-precision Micro LED defect detection, this
study introduces LED-YOLO), a rapid and accurate detection algorithm that integrates a lightweight archi-
tecture with enhanced feature extraction capabilities. An image acquisition system was designed to simu-
late industrial interference, and various data augmentation techniques were employed to increase the diver-
sity of training data. To overcome the limited discriminative power for Micro LED defects, a Lightweight
Dynamic Fusion Module (LDFM) was developed, combining dynamic convolution, deep convolution,
and channel mixing operations; this approach maintains model compactness while enhancing feature extrac-

tion. Furthermore, an Enhanced Coordinated Attention Module (ECAM) was proposed to improve de-
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fect localization by integrating channel and spatial attention mechanisms alongside residual connections,

thus refining feature extraction accuracy. Given the minimal aspect ratio variation in Micro LED images, a

dynamic focusing mechanism was incorporated, and a DIoU_W regression loss function was introduced to

accelerate convergence and improve robustness. Experimental results demonstrate that LED-YOLO sur-

passes the state-of-the-art YOLOv11s in detection accuracy, recall, mean average precision (mAP), and

F1 score. Despite a reduction of 1. 6 million parameters, LED-YOLO achieves substantial improvements

in detection speed and accuracy, effectively fulfilling the quality inspection requirements of Micro LED

panel manufacturing.
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WK, 45 SSD, RFB-SSD, RetinaNet, Retina
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LOv8s-p2, YOLOv9s, YOLOv10s HI YO-
LOv1ls. 3R 345 1 A [A) 9 45 550 18U (19 PE g 48

Horp AR SCH B9 LED-YOLO W 2% 75 ¥F £ 18 b
LT YOLO R 51 Fo A 9 2% , b 2 MfE — mAP
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frame/s) , Retina U-Net (33 frame/s) , LED-YO-
LO RE % 76 - 15 50 R BE 0% 8] s S 306 0 3 5 11
BARHET . HIEHZESI A LDFM fil DIoU W i
O PRV T AT DAAE BEAR T3 LA F1 R 2% B 1 TR
BF, DR B8 5 K 09 FR AR 3R K B8 T 5 )5 & AT LA R
TR AT S I e SR B 0K

TE U B R0 43 8] 5% 2 [8] ) SF- 7 5 1T, LED-
YOLOWRME 0, HEF1H%H R 97.69% , HH#
F YOLOv6s (89.42%) #2& 7+ W % , & ¥ LED-
Y OLO 7 T X A 0 ke s I, R B g g o 78
SRR )7, LED-YOLO il i 5] A LDFM 52 3
THEMYBHET7.8M,5 YOLOvV6s(16.0 M) .
YOLOv8s(11.1 M) Fl YOLOvS8s-p2(10. 6 M) #H
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Tab.3 Experimental results of different models

Model P(%) R(%) mAP(%) F1(%) Params(M) FPS
SSD 85.6 86.8 7.4 86. 20 24.7 59
RFB-SSD 89. 1 90. 3 88.9 89.70 25.4 45
RetinaNet 91.4 87.9 89.1 89. 62 36.5 41
Retina U-Net 91.6 89.9 90.7 90. 74 38.0 33
YOLOV5s 96. 4 97.1 97.4 96.75 9.1 117
YOLOv6s 96.5 83.3 86.6 89. 42 16.0 158
YOLOVS8s 95.7 96.9 97.5 96. 30 11.1 78
YOLOvSs-p2 96. 2 97.2 96. 6 96. 70 10.6 163
YOLOv9s 96.0 96.0 97.1 96. 00 7.2 121
YOLOV10s 97.8 93.0 97.6 95. 34 8.1 256
YOLOv11s 97.5 92.8 97.3 95. 09 9.4 200
LED-YOLO(Ours) 98.5 96. 9 99. 2 97. 69 7.8 212
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Fig.7 Comparison of detection results of different models
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Tab.4 Experimental results of different loss functions

Method mAP(%) FL(%) FPS

Our work+ DIoU 98.8 92.67 222
Our work+ GIoU 96. 4 91.52 185
Our work+ EIoU 97 94.57 217
Our work+ SIoU 98.7 95.15 212
Our work+ WIoU 98.5 95. 60 144
Our work+DIoU_W 99.2 97.69 212

J& WIoU 1 FPS 8 fik , AL 2 144, FR # T Micro
LED il [ 6 0 4F: 55 1 52 Bk

DIoU_W il 33 45 4 DIoU f4 e 3 i &5 1k A
W IoU FRE BE O 3, 22 30 10 4 v RS B2 N 430 4%
. K M DIoU_W fE 24 i 2% oR BCES , mAP
99.2%, FPS Jy 212, & 7/~ #f DIoU W ¥£ Micro
LED S & K 04T 55 H A B 8 0 35

S 45 B IE T DIoU W 5 2 2R 80 7E Mi-
cro LED S BA A AT 55 v i A 2 . 5 80 2k
PREICAE L, DIoU W i 2K pREUCTE B b5 % 48 HoAw 1
AR S b, o 0 B T S bR
Micro LED B A5 I iz FH v BA B KW 7.
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190 PR I 43 1 B A BE R LED-YOLO # AY
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P, 7E mAP FF1 5380 E 23 05k 2 97. 306 Fl
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Tab.5 Ablation experiments of three improvement ap-

proaches
DIoU_ mAP/ Param
LDFM ECAM F1/% FPS
W % s/M
— — — 97.3 95.09 9.4 200
N 98.2 96.95 8.3 200
NG 98.6 97.24 9.0 217
N 97.7 95.05 9.4 217
NG NG 98.7 97.49 7.8 222
NG NG 98.5 96.09 8.3 212
NG NG 98.2 97.04 9.0 222
NG NG N 99.2 97.69 7.8 212
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Fig.8 Comparison of heatmap of different methods
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